Part of the norther Palat e region in Germany is erized by elevated leels of arsenic and antimony in the soil due to the presence ofore sources and former mining activities. In a biomonitoring study, 218 residents were investigted for a putative increased intake of these elements. Seventy-six nonexposd subjects in a rur region in south lower Saxony were chosen as the rrece group. Urine and scalp hair sampes were obtained as su to dein he miteral exposures to arsenic and antimony. The analys were pefr*m ed using graphite furace atomic absorption spectrometry except for arsenic in urine, which was determined by the hydride tecnique. This method does not detect organo ls from sefood, which are not toxicologicaly relevant In the northem Palatinate subjects, sdighy elevated arsenic contents in urine and scalp hair (presumably not hazardous) could be corrldated with an increased arenic content in the soil. On the other hand, the results did not show a correation between the am contents in tie soil ofthe housing area and those in urine and hair. Except for an y in sp hair, age tended to be associatd wi intenal exposure to arsenic and antimony in both study groups. Consumpion of seafood had a slight impact on the levd ofuinary arsenic, which is indi of dte presence oflow quanities of inoranic arsenicas and dimethasinic acid in sefood. Th.e arsenic and antimony contents in scalp hair were positively correated with the 24-hr arsenic io in urine. However, antimony in scalp hair was not correlated with seafood consmptio as was asenic in slp hair and in urine. (19) . The purpose of the present study was to investigate the transfer of arsenic and antimony from the environment to humans in the northern Palatinate region. Unlike the studies on arsenic previously described in which the main sources of exposure were arsenic-contaminated drinking water and industrial emissions, this study focuses on soil contaminated with arsenic and antimony as the main source of exposure.
Inorganic arsenic is well known as an environmental carcinogen. Reports from several countries show that an elevated exposure to arsenic, mainly through ingestion of arseniccontaminated drinking water, is associated with several diseases, especially neoplasia. Increased incidences of skin, lung, liver, bladder, and kidney cancers and cardiovascular phenomena such as blackfoot disease could be identified (1) (2) (3) (4) (5) (6) . On the other hand, inhalation of arsenic, relevant mainly in workplaces, was shown to increase the risk of mainly lung cancer (7, 8) . Recently, evidence for increased risks of other types of cancers, mainly located in bone and kidney, was reported (5) . In addition, increased rates of lung and skin cancers were noticed in winegrowers consuming wine contaminated with arsenic pesticides (10) . Biomarkers of effect such as sister chromatid exchanges, micronuclei, and chromosomal aberrations were found at increased levels after elevated environmental exposure to arsenic (11) (12) (13) . Moreover, several studies report an increased exposure to arsenic due to its release in the air from smelting activities (14) (15) (16) (17) .
Arsenic is a naturally occuring element found at relatively high levels in some drinking water sources and in soils. On the other hand, antimony is less widely distributed in the environment (18, 15) ) but, like arsenic, it is known to be a genotoxic element in vitro and in vivo (20, 21) and has been shown to cause lung tumors in female rats (22) . However, it is not known whether antimony is carcinogenic to humans (23, 24) . Reports on elevated human exposure to inorganic antimonial compounds are of occupational exposures only . Knowledge is scarce concerning the transfer of antimony from the environment to humans and the related hazards to human health.
Soil contamination with arsenic and antimony in the northern Palatinate region in midwestern Germany is due to the presence of fahlore (copper arsenic sulfides and copper antimony sulfides; gray copper) sources. Cinnabar ore (mercury sulfide) is also found in these sources. A large range of concentrations of elements in the soil exists even in small areas because, in former centuries, intense mining activities caused elements to be unhomogenously distributed as rubble. Today, the region is characterized by housing and agriculture. In a biomarker study, the transfer of mercury from the environment to the residents could not be detected (19) . The purpose of the present study was to investigate the transfer of arsenic and antimony from the environment to humans in the northern Palatinate region. Unlike the studies on arsenic previously described in which the main sources of exposure were arsenic-contaminated drinking water and industrial emissions, this study focuses on soil contaminated with arsenic and antimony as the main source of exposure.
Because humans excrete arsenic and antimony mainly via the kidneys (28) (29) (30) , urinary concentrations were used as valid biomarkers of exposure. Biomonitoring of scalp hair was performed as additional screening to record cumulative exposures.
Methods
Study design and study population. This study was preceded by a project that sought to determine the contents of arsenic and antimony in soil and in plant and animal samples from the northern Palatinate region of Germany. Residents for whom the soil contents of arsenic and antimony in their housing areas were known (one to three soil samples per individual) were asked to participate in the study. To minimize a selection bias, a maximum participation rate was achieved by convincing those residents who did not reply to our first written request to participate. Nonexposed subjects from a rural area in south lower Saxony (Germany) were chosen as the reference group.
A six-page questionnaire served to assess factors of interest and confounding variables. All study subjects were interviewed concerning demographic characteristics, tobacco smoking, and alcohol drinking habits, and medical, occupational, and residential histories. Information on average and recent consumption of seafood, wild mushrooms and game, home grown vegetables, poultry, and eggs was requested throughout the question- (33) .
Atomic absorption spectrometry (AAS). Age, profession, sex, tobacco smoking, and seafood consumption were included in this study as possible confounding factors that can influence the contents of arsenic and antimony in urine and scalp hair. For the northern Palatinate subjects who were potentially exposed to higher levels of arsenic and antimony, we evaluated the soil contamination in their respective individual housing areas for any influence on the levels of urinary or scalp hair arsenic and antimony. Moreover, consumption of home-grown produce was induded in the analysis.
Statistically significant outlying samples (p<O.O5; no more than two for each element in urine or hair) were excluded from the study evaluation because they are not representative and they distorted the data. This proceeding did not change the statistical results, which had been proven by analysis using the whole data set. None of these outliers could point to any factor of interest in an individual analysis, and the source of elevated exposure of these subjects could not be identified.
In general, the statistical evaluations were conducted comparing the study sub To gain data on the transfer from arsenic and antimony from the soil to humans, the northern Palatinate study participants were grouped into four strata depending on the arsenic and antimony contents found in the soil of their respective housing areas ( Fig. 1 and Fig. 2 ). The dassifications were natural range soil content (see Table 1 ), slightly elevated (20-50 mg As/kg soil or 0.5-5 mg Sb/kg soil), or contaminated (>50 mg As/kg soil or >5 mg Sb/kg soil) (36) . A highly exposed subgroup was chosen with the help of the 90th percentile of all soil data available for this study. A slight but significant correlation was noticed between the 24-hr arsenic excretion in urine and the content of arsenic in the soil (Fig. 1) ; the same was noticed for scalp hair (Fig. 2) . The results of the respective statistical evaluations performed on an individual basis are presented in Table 3 . Neither urine nor scalp hair showed increasing antimony levels with increasing contents of antimony in the soil. When the extent of home-grown produce consumption was included in the multiple regression analysis, only the level of urinary arsenic was very slightly but significantly correlated with this factor (Table 3) . Surprisingly, the reference subjects showed significantly higher levels of urinary arsenic and antimony (Table 4 ). However, data of both groups correspond to normal range reference data described by others (17, 29, (37) (38) (39) (40) (41) (42) (43) (44) In a separate analysis, the children from the northem Palatinate region did not show higher contents of arsenic or antimony in urine or in scalp hair than the children of south lower Saxony. Thus, a special CM , a = b._ hazard to these children by an increased intake ofcontaminated soil did not seem evident.
Only arsenic in urine was significantly correlated with age in the multiple regression analysis (Table 3) . However, when comparing the study participants over 18 years of age with the younger ones, we found that except (Fig. 3) . Wh%en the potentially exposed and the nonexposed groups were analyzed together in the statistical evaluation, the contents of arsenic in urine were positively associated with the extent of seafood consumption (Spearman coefficient of correlation r = 0.31; p<0.001) (Fig. 4 and Table 3 ). These findings correspond wi'th those of other authors (14, 40) . Sex C riPSSnCfonbuhmooeodidtewmsmwiabh were.boclded. As in hair (±g/g) Figure 5 . Correlation arsenic and antimony in scalp hair (r= 0.44; n = 285). and with recent trace element analyses ofcigarette smoke that show low arsenic and antimony contents (44) .
Discussion
Because of stringent environmental laws in industrialized countries, contamination levels of public concern are often too low to cause an increase in the incidence of disease that is large enough to be detected by epidemiological studies. Thus, the determination of biomarkers of exposure is a more appropriate method of assessment than to take the respective diseases as an endpoint. Hydride AAS is the analytical method recommended to determine arsenic species of toxicological relevance, i.e., As(V), As(III), MMA, and DMA. Organoarsenicals and trimethylated arsenic compounds can be found at high concentrations in seafood, but they leave the human body metabolically unchanged. These species are thus not 0.15 relevant for toxicological risk assessr cannot be detected with the hydri nique (28, 29) . However, in this s found an association between seafi sumption and increased arsenic co urine, which had been described p (14, 40) . This may be explainec prevalence of low quantities of i.
arsenicals and DMA in seafood [rev Phillips (45) ]. Certain marine spt crustacea or shellfish may have . impact on the release of inorgani (40, 46) . Freshwater fish seem to h. arsenic contents, as do bottomfee and crustacea (47, 48 We, like others (14, 17) , found that arsenic excretion in urine was slightly associated with age. With respect to the comparatively short biological half-life of arsenic of 30-40 hr (28, 29, 54, 55) , it cannot be explained why older people showed higher concentrations of arsenic and antimony in urine and in scalp hair.
In Tacoma, Washington, residents were exposed to arsenic via a former copper smelter (14) , but an increase in arsenic excretion was found mainly in children up to 6 years of age living at a maximum distance of a half-mile from the smelter. Moreover, twofold and 10-fold elevated levels of arsenic in urine and scalp hair, respectively, were reported for children exposed by smelter emissions in Mexico (15). Binder et al. (56) reported elevated arsenic burdens only in children living near a former copper smelter. In contrast, in a biomarker study conducted by Hewitt et al. (57) , no evidence for an increased body burden of arsenic was found in workers exposed to arsenic-contaminated soil. Ingestion of dust by hand-to-mouth contact seems to be the relevant exposure pathway (14) ; thus, the exposure may be higher for children than for adults because of ingestion of soil. Nevertheless, in the present study, a slight association between arsenic exposure and the levels of arsenic in urine as well as in scalp hair was also found for the adults.
The validity and quality of the data gained by scalp hair biomonitoring is not comparable to that gained by urine and blood biomonitoring. First of all, the analysis of scalp hair is not standardized. Its validity has a major drawback in that a scatter of data is caused by various factors such as length and color of hair and the use of hair coloring and permanents. Nevertheless, on the level of intergroup differentiation, it is a valuable screening tool. In this study, the results from scalp hair biomonitoring confirm the results of urine as biomarker. Scalp hair proved to be affected by increased arsenic contents in the soil, as was arsenic excretion in urine.
External contamination of hair is not likely to have been relevant because scalp hair did not reveal increasing contents of antimony with increasing exposure to antimony-contaminated soil.
Gastrointestinal absorption of antimony (5-20%) is far lower than of arsenic (60-80%) (28, 54, 55, (58) (59) (60) . This could explain why the internal exposures to antimony were not associated with increasing exposure to antimony-contaminated soil. However, it has to be taken into account that very little is known about the enteral absorption of these elements when they are soil bound.
The transfer rate of arsenic and antimony to vegetables and animals was found to be low in northern Palatinate (L. Steubing, personal communication). Furthermore, we recently found that sheep bred on grounds contaminated with arsenic and antimony did not reveal elevated contents of these elements in blood and wool or was there evidence of an increased DNA damage (18) . The results of this study indicate that mere exposure to contaminated soil in the northern Palatinate area did not lead to a severe human exposure. However, it can be presumed that, in case of geogenic exposure, arsenic is more easily transferred from the environment to man than is antimony. Nevertheless, the transfer rate is low and leads to slighdy, yet presumably not hazardous, elevated arsenic contents in urine and scalp hair. We can justly presume that an elevated risk of cancer should not be expected for the residents of the northern Palatinate region.
